1. Introduction
===============

The emergence of extended spectrum beta lactamase (ESBL) among gram negative bacteria has become a major public health problem during recent years ([@b1-epj-08-2081]). It confers a substantial resistance to penicillins, and a broad spectrum of cephalosporins and monobactams, but not to carbapenems. Plasmids often are the major cause of ESBL producing organisms, which occasionally are transmitted between different strains of enteric gram negative rods ([@b2-epj-08-2081]). *E. coli* and *K. pneumoniae* have been indicated as the most common causes of ESBL producing bacteria ([@b3-epj-08-2081]). Today, ESBL producers have been recognized as the mainstay causes of hospital and community-acquired infections globally ([@b1-epj-08-2081], [@b3-epj-08-2081]). Isolates that express ESBL phenotypes and hydrolize the beta lactam antibiotics are often multi-drug resistant (MDR) ([@b4-epj-08-2081]). Carbapenems have been recommended as the choice of therapy for serious infections caused by ESBL producers ([@b5-epj-08-2081]). However, the increased use of carbapenems has led to emerging carbapenem resistance by the creation of carbapenemase among gram negative bacteria ([@b6-epj-08-2081]). The prevalence of ESBL producing strains varies in different parts of the world, with lower rates (3--8%) in Singapore, Japan, and Sweden despite the higher rates in Italy (37%), Turkey (58%), and Iran (59.2%) ([@b7-epj-08-2081], [@b8-epj-08-2081]). Physicians should be vigilant against the spread of these infections and their bacterial resistance. In this investigation, we determined the prevalence and antibiotic resistance patterns of ESBL positive isolates, including *E. coli* and *K. pneumoniae*, and their associated risk factors among patients admitted to hospitals in Kashan, Iran.

2. Material and Methods
=======================

2.1. Study design and participants
----------------------------------

In this cross-sectional study, which was conducted from February 2012 to June 2013 at Shahid Beheshti Hospital of Kashan, 250 isolates (*E. coli* and *K. pneumoniae*) from clinical specimens were obtained. The patients who were admitted to the ICU, internal medicine, pediatric, infectious, surgery, and gynecology wards were selected non-randomly, and their laboratory tests were conducted in the microbiology laboratory at the hospital. After obtaining informed consent from the patients with positive cultures, their data were written in questionnaires. The data included age, gender, clinical specimen, admission ward, medical disorder history, history of antibiotic or steroid use during the past month, and history of hospitalization in the last three months. Sample size was estimated based on the results of a similar previous study with ESBL prevalence of 15.4%, a confidence interval of 95%, and d = 0.1 ([@b9-epj-08-2081]).

2.2. Research Ethics
--------------------

The study was approved by The Ethics Committee at Kashan University of Medical Sciences (approval number 2736). The patients were not charged, and their information was kept confidential.

2.3. Collection of samples and bacterial identification
-------------------------------------------------------

All clinical samples (urine, stool, blood, peritoneal, and pleural fluids) were cultured on blood and MacConkey agar plates (Merck, Germany) at 37 °C for 24 hours, and the yielded organisms were identified according to colonial morphologies, biochemical reactions, and gram staining. On the blood agar culture, colonies of *E. coli* were round in shape with a flat surface, grayish color, and juicy consistency with diameters of 1--2 mm, but *K. pneumoniae* were dome shaped, mucoid, large colonies with a coalescence tendency. On the MacConkey culture, *E. coli* colonies were red, whereas *K. pneumoniae* colonies were large mucoid dark pink ([@b10-epj-08-2081]). The biochemical characteristics of *E. coli* included positive Methyl Red (MR), indole production, negative Simmon citrate, negative Voges-Proskauer (VP), negative urease, and motile, but the biochemical specifications of *K. pneumoniae* were positive urease, no indole production, positive VP, positive Simmon citrate, variable MR, and non-motile. Microscopy alone cannot be used to discriminate between the two organisms ([@b10-epj-08-2081]).

2.4. Antimicrobial Resistance
-----------------------------

According to the Clinical and Laboratory Standards Institute's (CLSI's) guidelines, the antibiotic resistance of isolates was evaluated ([@b11-epj-08-2081]). *E. coli* and *K. pneumoniae* colonies were inoculated onto Mueller-Hinton agar (Merck, Germany) and by the Kirby-Bauer disk diffusion method (Mast, UK), screening for antibiotic resistance was done. The following disks were put on Mueller-Hinton agar and incubated for 24 hours at 37 °C, i.e., 30 μg amikacin, 10 μg ampicillin, 20/10 μg amoxicillin-clavulanic acid, 30 μg ceftriaxone, 30 μg ceftazidime, 5 μg ciprofloxacin, 10 μg gentamycin and 10 μg imipenem. Inhibition zones of ≤ 13 mm around ampicillin, amoxicillin-clavulanic acid, ceftriaxone and imipenem, ≤ 12 mm around gentamycin, ≤ 14 mm around ceftazidime and amikacin and ≤ 15 mm around ciprofloxacin were considered resistant ([@b11-epj-08-2081]). The minimal inhibitory concentration (MIC) that was calculated by the Epsilometer test (E-test) (Liofilchem, Italy) was used as the confirmatory test of anti-microbial resistance. MICs ≥ 32 μg/ml for amikacin and ampicillin, ≥ 64 μg/ml for ceftriaxone, ≥ 32/16 μg/ml for amoxicillin-clavulanic acid, ≥ 8 μg/ml for gentamycin, ≥ 32 μg/ml for ceftazidime and ≥ 16 μg/ml for imipenem were considered resistant. MDR was defined as resistance to ≥ 3 antibiotics ([@b11-epj-08-2081]). Detection of antimicrobial resistance was performed by only one person in the laboratory.

2.5. Detection of ESBL strains
------------------------------

The ESBL screening method on Mueller-Hinton agar was conducted by disk diffusion test using 30 μg ceftazidime and 30 μg cefotaxime disks (Mast, UK). The inhibition zones of ≤ 22 mm around ceftazidime and ≤ 27 mm around cefotaxime were considered resistant ([@b11-epj-08-2081]). Phenotypic confirmation of ESBL production was performed by combined disk test (Mast, UK) using cefotaxime (30 μg) and ceftazidime (30 μg) disks alone and with clavulanic acid (10 μg). An increase of ≥ 5 mm in the zone of inhibition around any anti-microbial agent in combination with clavulanic acid versus its zone alone was considered ESBL production ([@b11-epj-08-2081]). Positive and negative control isolates included *E. coli* ATCC 25922 and *K. pneumoniae* ATCC 7006039 (Mast, UK) ([@b11-epj-08-2081]). ESBL screening and its confirmation were conducted only by one person in the laboratory.

2.6. Statistical analysis
-------------------------

The data were entered into SPSS software version 16 (SPSS, Inc. Chicago, Illinois, USA). Descriptive results were evaluated by their frequencies, means, and standard deviations. Normal distribution of continuous data was detected by the Kolmogorov-Smirnov test. Comparison of the mean age of patients between the two groups was done by the independent-samples t-test. Demographic data, characteristics of cases, and antibiotic resistance patterns were estimated by the chi-squared test. To analyze the association of risk factors with ESBL production, the two-step logistic regression test was used. In the first step, the variables that were unlikely to be associated with ESBL strains (p \> 0.2 in univariate logistic regression) were excluded from the final analysis. In the second step, any eligible factors were entered in multivariate logistic regression analysis and two-tailed p \< 0.05 was considered statistically significant.

3. Results
==========

From the 250 isolates that were produced from samples, including urine (n = 134), stool (n = 76), blood (n = 16), pleural fluid (n = 12), and ascitic fluid (n = 12), 134 (53.6%) were *E. coli* and 116 (46.4%) were *K. pneumoniae.* The age range of cases was 2--81 with a mean of 34.9 ± 24.5. One hundred and thirteen of the participants were females (45.2%), and 137 (54.8%) were males. One hundred and two (40.8%) of all of the strains were ESBL producers, of which 54 (52.9%) were *E. coli* and 48 (47.1%) were *K. pneumoniae* (p = 0.86). Moreover, 40.3% of *E. coli* and 41.4% of *K. Pneumoniae* isolates were ESBL producing pathogens (p = 0.86). There was no significant association between clinical samples and the production of ESBL (p = 0.88). Moreover, no association was detected between admission wards and ESBL producers (p = 0.053). Of the ESBL producing strains, 58.8% were males, and 52% of the non-ESBL producing strains were males (p = 0.29). The mean ages of the ESBL positive and ESBL negative cases were 38.1 ± 25.8 and 32.6 ± 23.5, respectively (p = 0.08). Antibiotic resistance patterns of the isolates are provided in [Tables 1](#t1-epj-08-2081){ref-type="table"} and [2](#t2-epj-08-2081){ref-type="table"}.

The most resistance was to ampicillin, and the least resistance was to imipenem. No resistance was detected to imipenem. Anti-microbial resistance was significantly higher among ESBL positive strains ([Tables 1](#t1-epj-08-2081){ref-type="table"} and [2](#t2-epj-08-2081){ref-type="table"}). A multi-drug resistant ESBL (MDR-ESBL) pattern was indicated in 74 of the isolates (29.6%). Forty (29.9%) of *E. coli* and 34 (29.3%) of *K. pneumoniae* strains were MDR-ESBL (p = 0.93). Of the ESBL producing strains, 72.5% were MDR (p \< 0.001, OR = 5.7, CI: 3.3--9.9). By the logistic regression test, the associated risk factors of ESBL positive *E. coli* were admission duration exceeding 7 days and antibiotic use in the last month, and the associated risk factor for ESBL positive *K. pneumoniae* was antibiotic use during the past month ([Tables 3](#t3-epj-08-2081){ref-type="table"} and [4](#t4-epj-08-2081){ref-type="table"}).

4. Discussion
=============

Gram negative strains, including *E. coli* and *K. pneumoniae*, that contain ESBL enzymes have emerged as a great problem in various parts of the world during recent years ([@b1-epj-08-2081]). These enzymes have been expressed increasingly by some isolates with the propensity to spread. The production of ESBLs disturbs a wide spectrum of antibiotic activity, causing major treatment failures and adverse effects on the prognosis of patients. The emergence of ESBLs has created diagnostic difficulties for many clinical microbiology laboratories ([@b12-epj-08-2081]). Our results indicated that the prevalence of ESBL producing *E. coli* and *K. pneumoniae* (ESBL-EK) was 40.3% and 41.4%, respectively (with an average of 40.8%). In an investigation by Bazzaz et al. in Iran, the prevalence of ESBL-EK isolates was 59.2%, which was greater than our results ([@b7-epj-08-2081]). Mehrgan et al. indicated that 77.7% of *K. pneumoniae* strains among admitted patients were ESBL producers, and that also was greater than ours ([@b13-epj-08-2081]). The minimum prevalence rates of isolates expressing the ESBL phenotype were reported in Japan, Singapore, and Sweden (3--8%) in comparison with higher prevalence rates in Italy (37%), Turkey (58%), and Latin American regions (30--60%) ([@b8-epj-08-2081]). The detection rates of ESBL producing pathogens were reported as 31.7% in Kuwait ([@b14-epj-08-2081]) and 41% in the United Arab Emirates ([@b15-epj-08-2081]). These differences may be due to the fact that the studies were concentrated on hospital-acquired infections, special locations of infection, such as blood and urine, or a variety of policies about antimicrobial prescription in various parts of the world. Moreover, genetic variations may be addressed as another cause. The present investigation regarding ESBL producing bacteria indicated relative susceptibility to third-generation cephalosporins (ceftriaxone and ceftazidime) that was consistent with Shakil et al.'s study ([@b16-epj-08-2081]). All ESBL-EK isolates in our survey were sensitive to imipenem, and that was compatible with Shaikh et al.'s results ([@b17-epj-08-2081]). The authors suggested carbapemens as the drug of choice for treatment of ESBL-EK producers ([@b17-epj-08-2081]). In a study by Aminzadeh in Iran, the resistance rate of ESBL-EK to ciprofloxacin was reported to be more than 30%, and that was congruent with our findings; moreover, the amikacin and gentamycin resistance rates were indicated as 10% and 33.5%, respectively, and both were less than our results ([@b18-epj-08-2081]). In research conducted by Khanfar et al. on ESBL-EK, high resistance rates to amikacin, gentamycin, amoxicillin-clavulanic acid, and ciprofloxacin were reported, and they were greater than our findings ([@b9-epj-08-2081]).

The resistance level of amoxicillin-clavulanic acid against ESBL-EK in the current study was reported as 38.9% for *E. coli* and 31.2% for *K. pneumoniae*, which was substantially less than the previous study (80%) ([@b9-epj-08-2081]). It may suggest that the beta-lactam/beta-lactamase inhibitor combinations may be effective in the treatment of some ESBL producing strains that is useful for the prevention of carbapenem resistance. In an investigation in China from May 2013 to February 2014, 45 carbapenem-resistant *Enterobacteriaceae* (CRE) isolates were produced in a hospital setting. Most of the patients recovered through the use of some kinds of cephalosporins, beta-lactam/beta-lactamase inhibitor combinations, amikacin, and levofloxacin. The drugs of choice included levofloxacin and amikacin ([@b19-epj-08-2081]). It shows the occurrence of carbapenem resistance in some parts of the world, which demands the implementation of control modalities and limitation of the unnecessary use of antimicrobial agents. In this research, the MDR-ESBL pattern was detected in 29.6% of all isolates, including 29.9% of *E. coli* and 29.3% of *K. pneumoniae* strains. Aminzadeh reported MDR-ESBL pattern in 26.8% of the strains, which included 25.8% of the *E. coli* and 30% of the *K. pneumoniae* isolates, which were less than our findings ([@b18-epj-08-2081]). Kateregga et al. reported that urine was the most common sample for isolation of ESBL organisms ([@b20-epj-08-2081]). It was not in accordance with our results, which showed that there was no association between ESBL-EK and clinical samples (*P* = 0.88). Furthermore, a high level of resistance (73.8%) to ceftazidime was substantially more than our survey ([@b20-epj-08-2081]). Our study indicated that there was no significant association between patients' age and ESBL phenotype, which was in harmony with previous investigation ([@b20-epj-08-2081]), but it was incompatible with Khanfar's report that indicated the age of more than 60 as a risk factor of ESBL-EK ([@b9-epj-08-2081]). Kiratisin conducted an investigation and declared that females had a risk factor for ESBL-EK that was incongruent with our findings and Kateregga's findings ([@b20-epj-08-2081], [@b21-epj-08-2081]). The current study showed that the associated risk factors for ESBL producing *E. coli* included admission duration exceeding 7 days (p = 0.011) and antibiotic use in the past month (p \< 0.001). Moreover, the associated risk factor for ESBL producing *K. pneumoniae* was antibiotic use during the previous month (p = 0.002). These findings were comparable with Shaikh et al.'s survey ([@b17-epj-08-2081]). According to previous reports, anti-microbial use is considered as a serious risk factor of ESBL-EK infections, therefore the logical use of antibiotics is prudent. In this research, we found no significant association between admission wards and acquisition of ESBL-EK, which was not in harmony with the findings of Khanfar et al. ([@b9-epj-08-2081]). They indicated that admission in intensive care unit (ICU) was a risk factor for isolation of ESBL organisms because the patients in ICU are more likely to have used invasive devices, such as in-dwelling intravascular and urinary catheters. In an investigation by Seni et al., the most ESBL producing strains occurred in surgical wards, which was inconsistent with our results ([@b22-epj-08-2081]). Prolonged use of catheters, unsuitable antimicrobial therapy, long-term duration of hospitalization, and implementation of surgical drainage and nasogastric tubes were the probable mechanisms of their spread. ESBL-EK strains have been identified as the major cause of infection outbreaks globally and have a great role in the failure of infection control. Therefore, it is judicious to detect ESBLs routinely in hospitals to select appropriate antimicrobial agents ([@b8-epj-08-2081]). Common causes of nosocomial infections are ESBLs, so their early detection is helpful in controlling hospital infections. Recently, large numbers of these organisms have been found to be MDR, so their treatment is a serious problem ([@b8-epj-08-2081]).

The strengths of the study include the evaluation of risk factors for ESBL-EK isolates, which has been performed in a few studies, and the application of then E-test as a confirmatory test for the determination of antibiotic resistance in addition to the disk diffusion test. Some limitations of our study were 1) detection of antimicrobial resistance genes was not performed; 2) the sample size was small; and 3) multicenter evaluation was not conducted. So a larger sample size and multicenter and molecular investigations are suggested in the future.

5. Conclusions
==============

This study demonstrated a relatively high prevalence of ESBL producing pathogens, however comparatively acceptable antimicrobial susceptibility was seen among them. Most of the ESBL-EK strains were MDR. Among ESBL producers, the most resistance was to ampicillin and the least was to Imipenem. Admission duration and antibiotic use in the last month were significant associated risk factors of ESBL producing isolates. Restriction of antibiotic use, shortening of hospitalization period, early detection of ESBL producers in the hospital, and periodic evaluation of antimicrobial resistance are imperative to control the spread of these bacteria.
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###### 

Antibiotic resistance rates (%) of extended spectrum beta lactamase (ESBL)-positive and ESBL-negative *Escherichia coli* strains

  Antibiotics     ESBL-positive (n=54)   ESBL-negative (n=80)   Total (n=134)   p[a](#tfn1-epj-08-2081){ref-type="table-fn"}
  --------------- ---------------------- ---------------------- --------------- ----------------------------------------------
  Amikacin        48.1                   12.5                   26.9            \<0.001
  Ampicillin      90.7                   66.2                   76.1            0.001
  Ceftazidime     37                     26.2                   30.6            0.2
  Ceftriaxone     38.9                   18.8                   26.9            0.01
  Ciprofloxacin   38.9                   10                     21.6            \<0.001
  Co-Amoxiclav    38.9                   18.8                   26.9            0.01
  Gentamycin      50                     32.9                   38.8            0.03
  Imipenem        0                      0                      0               \-

p-value \< 0.05 was considered significant statistically. Antibiotic resistance was categorized as susceptible (including susceptible and intermediate susceptible) and resistant groups which was confirmed by E-test.

###### 

Antibiotic resistance rates (%) of extended spectrum beta lactamase (ESBL)-positive and ESBL-negative *Klebsiella pneumoniae* strains

  Antibiotics     ESBL-positive (n=48)   ESBL-negative (n=68)   Total (n=116)   p[a](#tfn2-epj-08-2081){ref-type="table-fn"}
  --------------- ---------------------- ---------------------- --------------- ----------------------------------------------
  Amikacin        50                     17.6                   31              \<0.001
  Ampicillin      93.8                   66.2                   77.6            \<0.001
  Ceftazidime     37.5                   22.1                   28.4            0.07
  Ceftriaxone     41.7                   20.6                   29.3            0.014
  Ciprofloxacin   35.4                   14.7                   23.3            0.009
  Co-Amoxiclav    31.2                   26.5                   28.4            0.57
  Gentamycin      47.9                   26.5                   35.3            0.017
  Imipenem        0                      0                      0               \-

p-value \< 0.05 was considered significant statistically. Antibiotic resistance was categorized as susceptible (including susceptible and intermediate susceptible) and resistant groups which was confirmed by E-test.

###### 

Univariate and multivariate analysis of risk factors for extended spectrum beta lactamase (ESBL) *E. coli* [a](#tfn3-epj-08-2081){ref-type="table-fn"} strains

  Variables                   ESBL          Logistic regression                                             
  --------------------------- ------------- --------------------- ----------- ------------------- --------- ----
  Gender                      Male          41 (51.2)             30 (55.6)   0.6                           
                              Female        39 (48.8)             24 (44.4)                                 
  Age (years)                 30.3 ± 22.8   38 ± 26.2             0.07        0.99 (0.98--1.01)   0.63      
  Admission wards             ICU           8 (10)                12 (22.2)   0.3                           
  Pediatric                   24 (30)       10 (18.5)                                                       
  Internal Medicine           13 (16.2)     6 (11.1)                                                        
  Surgery                     13 (16.2)     10 (18.5)                                                       
  Infectious                  11 (13.8)     10 (18.5)                                                       
  Gynecology                  11 (13.8)     6 (11.1)                                                        
  Admission duration (days)   ≤7            62 (77.5)             25 (46.3)                       \-        \-
  \>7                         18 (22.5)     29 (53.7)             \<0.001     0.32 (0.13--0.7)    0.011     
  Diabetes                    No            68 (85)               46 (85.2)                                 
  Yes                         12 (15)       8 (14.8)              0.98                                      
  Renal Failure               No            80 (100)              47 (87)                                   
  Yes                         0 (0)         7 (13)                0.9                                       
  Admission History           No            76 (95)               33 (61.1)                       \-        \-
  Yes                         4 (5)         21 (38.9)             \<0.001     0.3 (0.08--1.3)     0.1       
  Antibiotic History          No            69 (86.2)             19 (35.2)                       \-        \-
  Yes                         11 (13.8)     35 (64.8)             \<0.001     0.14 (0.05--0.4)    \<0.001   
  Steroid History             No            76 (95)               51 (94.4)                                 
  Yes                         4 (5)         3 (5.6)               0.9                                       

*E.coli*, *Escherichia coli*; CI, confidence interval; OR, odds ratio; ICU, intensive care unit.

###### 

Univariate and multivariate analysis of risk factors for extended spectrum beta lactamase (ESBL) *K. pneumoniae*[a](#tfn4-epj-08-2081){ref-type="table-fn"} strains

  Variables                   ESBL          Logistic regression                                           
  --------------------------- ------------- --------------------- ----------- ------------------- ------- ----
  Gender                      Male          36 (52.9)             30 (62.5)   0.3                         
  Female                      32 (47.1)     18 (37.5)                                                     
  Age (years)                 35.4 ± 24.1   38.2 ± 25.6           0.54                                    
  Admission wards             ICU           7 (10.3)              12 (25)     0.4                         
  Pediatric                   13 (19.1)     8 (16.7)                                                      
  Internal Medicine           11 (16.2)     5 (10.4)                                                      
  Surgery                     10 (14.7)     7 (14.6)                                                      
  Infectious                  12 (17.6)     9 (18.8)                                                      
  Gynecology                  15 (22.1)     7 (14.6)                                                      
  Admission duration (days)   ≤7            50 (73.5)             25 (52.1)                       \-      \-
  \>7                         18 (26.5)     23 (47.9)             0.019       0.5 (0.2--1.2)      0.14    
  Diabetes                    No            58 (85.3)             42 (87.5)                               
  Yes                         10 (14.7)     6 (12.5)              0.74                                    
  Renal Failure               No            67 (98.5)             47 (97.9)                               
  Yes                         1 (1.5)       1 (2.1)               0.8                                     
  Admission History           No            64 (94.1)             33 (72.9)                       \-      \-
  Yes                         4 (5.9)       13 (27.1)             0.003       0.44 (0.1--1.7)     0.24    
  Antibiotic History          No            55 (80.9)             19 (39.6)                       \-      \-
  Yes                         13 (19.1)     29 (60.4)             \<0.001     0.23 (0.09--0.57)   0.002   
  Steroid History             No            64 (94.1)             37 (77.1)                       \-      \-
  Yes                         4 (5.9)       11 (22.9)             0.012       0.47 (0.1--1.8)     0.27    

*K.pneumoniae*, *Klebsiella pneumoniae*; CI, confidence interval; OR, odds ratio; ICU, intensive care unit.
